
DRAFT responses to 2/27/2017 EPA Comments on Excelsior's December 2016 

Responses, Excelsior Mining Arizona Gunnison Copper Project, Class III UIC 
Permit Application 
Attachment A 

1. (1)1  Provide a proposal to demonstrate the effectiveness of wellfield operations and conduct model 

validation and, if necessary, recalibration based on early Stage 1 operations performance, prior to full 

implementation of commercial -scale ISR operations in Stage 1 and later stages. An EPA review of this 

early performance and demonstrat ion of effectiveness will be required prior to EPA approval and 

initiation of full -scale commercial operations. The timeline for this initial demonstration phase should 

not exceed two years. The proposed intermediate monitoring wells and other well locatio 	ns for this 

initial phase should be specified and shown on a map in the updated application. Subsequent 

monitoring well locations, proposed as ISR operations expand, will be subject to prior EPA approval. 

Excelsior should amend and update the application accordingly. 

Excelsior Response: 

Excelsior plans to operate the wellfield a s a commercial, full scale, operation, starting small in the first 

several years. Excelsior recognizes that the data collected over the first year of operations are important 

in evaluating the performance of the groundwater computer model that has been used to support the 

hydraulic control containment scheme. Full scale operations over time will provide a 	more complete 

understanding of in-situ conditions and what , if any, changes are 	necessary for control of mining 

solutions. Excelsior understands that EPA will require review of the early performance of the mining 

operation and will commit to providing a detailed report describing the first year's performance and 

evaluation of the groundwater computer model. As long as the Gunnison in-situ wellfield is operating in 

compliance with the permit conditions, there will be continued production and expansion per the mine 

plan. 

During the first year of in-situ mining, considerable data and op erational experience will be gathered 

and compiled. All wells designated as intermediate monitor wells (IMWs) will be fitted with a transducer 

that will measure both water levels and specific conductivity at least once daily. Recovery and injection 

rates for all Class III wells will be recorded on a daily basis. 	Water levels at observation wells will be 

monitored to show an inward gradient at the hydraulic control wells. A summary report will be provided 

to EPA. Model updates and adjustment will be complete 	d, as needed. 	This will include updated 

hydraulic parameters, comparison with IMW results, and simulation(s) to demonstrate hydraulic 

control. If changes are needed to improve control, Excelsior will propose them as part of this report. 

1  Each response is numbered with the comment number in EPA's February 27, 2017 letter followed by the original 
comment number in EPA's October 14, 2016 letter (and Excelsior's December 2016 response) in parentheses. 
These numbers are not always the same. 
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This may include changing the sequence of HC well installation or pumping rates. Excelsior will continue 

operations during the EPA review and comment period. 

Excelsior proposes the following procedures to demonstrate the effectiveness of wellfield operations, to 

conduct model validation, to recalibrate the model based on early Stage 1 operations (if necessary), and 

to document compliance with permit conditions. 

Task 1. Gather operational performance data including injection and recover flow rates, water 

level data fro m all HC and observation wells, IMWs, and POC wells , and specific conductivity 

data from IMW's and observation wells . All data will be maintained in a database. Supporting 

information such as groundwater elevation maps and specific conductivity distribution will be 

prepared. 

Task 2. Update the Excelsior groundwater model with the constructed locations of all 

operational wells, POC wells, and monitor wells. This task may involve refining the model in the 

area of the wellfield to allow simulation of wellfield operations. 

Task 3. Develop model simulation of the first year's operations by inputting the average monthly 

pumping and injection rates. The model simulation would include monthly stress periods (where 

all boundary conditions such as pumping are held constant). 

Task 4. Compare the model predictions of water levels with field measured water levels. 

Determine if the model predictions match field measurements and make local adjustments to 

the model input assumptions such as hydrauli c conductivity if necessary and re -run the model. 

Use statistical parameters for wells that have been shown to be influenced by mine operations. 

Statistical parameters may include the mean, standard deviation, absolute mean, and root mean 

squared error. 

Task 5. Prepare a report describing the model validation. The report will detail the assumptions 

input to the model, all changes made to the model, the model results, and an assessment of the 

model performance. 

Excelsior will amend Attachment A-2 of the UIC application to include the tasks described above. 
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Attachment A-1, Area of Review Method, Groundwater Modeling Report, Aquifer Testing Report 

Section 3. Hydrogeologic and Operational Considerations 

3.1.1 Site Specific Characteristics, Unsaturated Basin Fill. 

2. (2) The Underground Source of Drinking Water (USDW) definition at 40 CFR § 144.3 includes "or (B) 

Contains fewer than 10,000 mg/I total dissolved solids; and (2) Which is not an exempted aquifer." The 

basin fill saturation qualifies for that part of the definition, but may not qualify on the basis of "sufficient 

quantity to supply a public water system "if not considered part of the underlying bedrock aquifer. EPA 

believes there is sufficient evidence to include the basin fill saturated zones as h ydraulically connected 

and part of the bedrock aquifer, and that it should be included within the aquifer exemption as 

presented in the Excelsior response. 

Excelsior should amend and update the application accordingly. 

Excelsior Response: 

Excelsior agrees to exempt the saturated portion of the basin fill aquifer within the AOR. Excelsior 

proposes that the top of the exemption zone proposed in the UIC application be changed so that basin 

fill below 4185 feet in elevation will be included in the aquifer exemp tion. This elevation is based on 

groundwater levels in NSH -006 and NSD -020, which are the only two wells screened solely in the basin 

fill, and which have saturated alluvium 

Excelsior will amend the Section 3.1.1 of Attachment A -1 and other pertinent secti ons of the UIC 

application to reflect this change. 
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3.1.2 Low Conductivity Sulfide Zone. 

3. (3) EPA agrees that the pump testing data for the sulfide zone indicate a lack of sufficient capacity or 

quantity of groundwater to supply a public water system well. However, the proximity of the two wells 

tested to known faults and fractures in the sulfide zone is not known. Hydraulic conductivity (HC) could 

be much higher in the fault zones, as it is in the oxide zone, and some of the faults are known to transect 

the oxide-sulfide boundary. One option is that monitoring wells (MWs) could be installed and screened 

in the sulfide zone in close proximity to the fault zones to better assess the hydraulic connection 

between the oxide and sulfide zones and to monitor 	for vertical excursions into the sulfide zone. 

Applicant should propose MW locations, subject to EPA approval. 

Portions of the sulfide zone may qualify as a USDW and require protection from contamination or 

should be included in the exempted zone. Injectio n well depths should not penetrate within 40 feet of 

the sulfide zone as a precaution unless the upper sulfide zone is included in the exemption zone. 

Excelsior suggested that the upper 200 feet of the sulfide zone could be included in the exempted zones 

to address this concern and presented more information regarding the close proximity of the two sulfide 

test wells to faults that transect the oxide -sulfide interface. The absence of a confining layer between 

the oxide and sulfide zones means that an exchan ge or mixing of aquifer fluids between the oxide and 

sulfide zones during ISR operations is likely to occur where injection and recovery wells are situated near 

a fault zone and the oxide-sulfide interface. The possible exchange or mixing of fluids between the oxide 

and sulfide zones will be enhanced due to the drawdown of the hydraulic control and recovery wells in 

the oxide zone and pressure increases with outward flow at the injection wells. 

Excelsior should amend and update the application to include th 	e additional relevant information 

provided in connection with conference calls with EPA and add a proposal to include the upper 200 feet 

of the sulfide zone in the aquifer exemption zone. 

Excelsior Response: 

Excelsior agrees that the upper 200 feet of the 	sulfide zone should be incorporated in the aquifer 

exemption. The UIC application will be amended to reflect this in 	Attachment A-1 (Section 3.1.2) and 

Attachment S. The hydraulic conductivity in the sulfide zone is low, as demonstrated by aquifer tests at 

NSH-025 and NSH -0146. However, there is a possibility of fracture connections between the oxide and 

sulfide zones that were not identified by aquifer testing. Such connections would make portions of the 

sulfide zone a USDW. A request to exempt the top 200 feet of the sulfide zone will be made on this 

basis. 
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3.2.1 Hydraulic Gradients 

4. (4) Excelsior modeled 1, 2 and 3 percent ratios of excess fluid withdrawals to injection rates and 

volumes within the wellfield to evaluate the feasibility of these scenarios for operation of the wellfield. 

However, Excelsior's prior response does not address the minimum extent of over 	-pumping at the 

hydraulic control wells necessary to maintain hydraulic control of injected fluids within the proposed 

wellfield operation. The proposed wellfield design and operation is acceptable with some modification 

and flexibility for over -pumping recovery wells and/or reducing injection rates in the event of outward 

movement of ISR fluids and exceedances of conductivity and water I 	evel alert levels detected at 

intermediate monitoring wells (IMWs). The IMWs will be located within the AOR between the 

downgradient hydraulic control wells and the active mine blocks and upgradient to the active mine 

blocks. A required minimum over-pumping rate at HC wells should be established during ISR operations 

which demonstrates maintenance of the minimum required drawdown gradient between observation 

wells and hydraulic control of ISR and rinsing fluids. The appropriate over 	-extraction rates will be 

determined and monitored on an individual HC well basis, depending on maintenance of the required 

minimum inward gradient at the observation well pairs. 

Excelsior should amend and update the application accordingly. 

Excelsior Response: 

Excelsior has proposed that demonstration of hydraulic control depend on an inward hydraulic gradient 

as opposed to a fixed or defined amount of overpumping at the HC wells. This is appropriate, because if 

observation wells are in a high conductivity zone, the gradients will be low and pumping may need to be 

increased to maintain the inward gradient. Conversely, if the observation wells are in a low conductivity 

zone, gradients will be higher and pumping rates can be lower. 	A set amount of overpumping could 

result in insufficient hydraulic control pumping in high conductivity areas and too much pumping in low 

hydraulic conductivity areas. However, Excelsior understands EPA's desire to quantify a net extraction 

rate for the wellfield. 

HC pumping will gradually ramp up as mi ning proceeds and new HC wells are added. Over-pumping, 

represented by the HC wells will therefore vary as indicated in Table 	12 of Appendix A -2 of the UIC 

application. The performance of the HC system will be measured/confirmed using the observation well 

pairs installed adjacent to some of the HC wells. The observation wells will be used to measure the 

magnitude of the inward gradient to the HC wells. The minimum inward gradient is proposed to be 0.01 

ft/ft. This inward gradient is the best indicator of th e successful operation of the HC system to contain 

the migration of mining solutions. Therefore, Excelsior proposes to use daily measurements of the 

hydraulic gradients toward the HC wells to demonstrate hydraulic control, not rates of hydraulic control 

pumping. In addition, Excelsior proposes to initially pump the HC wells at a rate equivalent to one (1) 

percent of the injection rate. If this rate results in excessive gradient at the observation wells, Excelsior 

will inform EPA and reduce the rate to a le vel needed to maintain an inward hydraulic gradient of 0.01 

ft/ft or greater. 
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Excelsior's proposed method of operating the wellfield maintains capture (as demonstrated by the 

model), minimizes dewatering, conserves the water resources, builds in flexibili ty and allows for site - 

specific capture should high -permeability faults be intersected. 	The persistent cone of depression 

created in the wellfield will grow with time, eventually resulting in a drawdown of over 40 feet. 
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5. (5) Modeling predictions are subject to errors due to preferential flow paths coincident with the fault 

plane orientations and other factors that are difficult to model accurately. Injection wells that are near a 

fault zone oriented in a west -to-east direction could overcome the n atural gradient to the east and 

cause flow to the west if recovery wells are not capturing the entire flow from those wells before exiting 

the western limits of the wellfield and area of review. We recommend placement of observation well 

pairs or monitoring wells on the west side of the wellfield to monitor electrical conductance and water 

levels as suggested by Excelsior in their response and later discussions during conference calls. If the 

gradient is not sufficiently inward toward the wellfield at any w 	ell pair, action would be required to 

reverse the gradient by means of increasing extraction or decreasing injection rates or increasing HC 

well pumping to increase drawdown at the wellfield. 

Excelsior should propose /monitoring well locations at the weste 	rn perimeter of the wellfield at a 

spacing consistent with the PowerPoint (PPT) presentation viewed during the meeting with Excelsior on 

February 9. In addition, observation wells should be placed to the south of the westernmost HC well in 

Figure A -7A in A ttachment A -1 of the response document. Final proposed locations for HC and 

observation wells will be subject to EPA approval. The outer observation wells of all well pairs and 

intermediate monitoring wells should also be equipped with conductivity sensors 	to monitor for 

movement of ISR fluids beyond the wellfield. The PPT presentation viewed during the February 9th 

meeting should be included in the updated application and the application should be updated to be 

consistent with that presentation, subject to final EPA approval and permit conditions. 

Excelsior Response: 

The following text will be added to Section 3.2.1 of Attachment A-1: 

As indicated in Figure A-8, attached, Excelsior is proposing a network of intermediate monitor 

wells (IMWs) that includes ex isting wells along the western boundary of the wellfield. The 1MW 

system is designed to act as a real 	-time early warning system to ensure the appropriate 

hydraulic control wells are installed and operating during mining. The IMW system includes an 

inner and an outer ring of monitoring wells that expand as mining operations expand. IMW's 

will be monitored for specific conductance and water elevation. 

The inner ring is primarily for operational use, allowing operators to observe the immediate 

effects of ch anges in operational conditions like injection or recovery rates. Some mining 

solutions are expected to be observed in these wells due to the sweep of solutions in and out of 

the margins of the active mining blocks. This is considered normal. 

The outer r ing is designed as an early warning system to ensure the appropriate hydraulic 

control wells are installed and operating. Appropriate alert levels for specific conductivity will be 

set in the outer ring of IMW's. Increasing trends above alert levels in ou ter wells would illicit the 

following response(s): 
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Adjust operations to reverse the trend (pull back solutions) and/or 

Install interceptor HC wells (if not already installed) 

Adjust pumping in HC wells if needed 

The location of the outer IMW's for Stage 1 is based on the aquifer testing that has already been 

completed in the in the proposed Stage 1 mining area. This aquifer testing shows the degree of 

connectivity between the pumping well and the surrounding obser vation wells. Figures A-9, A-

10, and A-11 show the areas of influence of NSH -013, NSH -021C, and NSH -024, which are 

located within Stage 1 operations. The shaded areas represent the interpreted areas of influence, 

based on responses in observation wells. The composite area of influence of these three wells, as 

shown on Figure A-12, covers all of Stage 1. Figures A-9, A-10 and A-11 provide cross sections 

through each of the tested wells (NSH -013, NSH-021C, and NSH -024). The intent of the cross 

sections is to show how the fault network at the site results in hydraulic connections over long 

distances. Bedding plane fractures, which are shown as dipping to the east, are lesser, but 

significant flow paths. 

The general principle is to locate outer IMW's along th 	e more conductive fluid pathways 

(bedding parallel and structures), at distance of several hundred feet from the active mining 

area, in a radial pattern spatially distributed and surrounding the mining area. Irrespective of 

the IMW's exact location, the a quifer test results show that all the structures are hydrologically 

well connected, and as long as the 1MW intersects either a structure or bedding parallel feature, 

it should respond to and detect potential migrations outside the active mining area in tha 	t 

direction. 

IMWs will consist of existing core, observation or aquifer test wells, supplemented where 

considered necessary by additional wells to be drilled. Figures A-13, A-14, A-15, and A-16 show 

proposed IMW's for Year 1, Year 5, Year 10, and Year 1 3 respectively. Figure A-17 shows cross 

sections through Stage 1 blocks, showing the 1MW locations and the significant structures that 

they intersect. Given the spacing and location of existing drill holes available to be used as an 

1MW, two additional h oles are proposed to extend coverage beyond existing locations. These 

drill holes (shown as stars on the above mentioned figures) will be drilled and installed as IMWs 

prior to commencement of production. As new mining blocks come online, any IMWs 

encompassed within that mining block will be abandoned. 

A yearly schedule of proposed 1MWs for Stages 1 and 2 is provided in Table A-1, along with well 

name, location, and open (or screened) interval. The primary structure(s) intercepted by the 

proposed Stage 1 and Stage 2 IMWs are provided on Table 	A-2. IMWs for Stage 3 will be 

identified according to a compliance schedule , with approval of EPA and ADEQ . As operational 

experience is gained, alternate or additional IMWs may be proposed, but in any event adhering 

to the general principle of IMWs. Excelsior will notify 	EPA prior to implementing significant 

departures from this plan. 
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As mining proceeds and rinsing operations are completed within a block or group of blocks, a selection 

of the old injection or recove ry wells will be converted to IMWs to monitor for later excursions into 

rinsed areas. 
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Table A-i 

Intermediate Monitoring Well Activity By Production 
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Table A-2 
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6. (6) The reported natural groundwater flow velocities in the model domain vary widely in the wellfield 

as illustrated in Figure A-4C. The specific flow velocity attributable to the wellfield area is not provided. 

Excelsior should provide an estimate of average and maximum groundwater flow velocities within the 

AOR beyond the wellfield perimeter and the estimated travel time from the wellfield to the point of 

compliance (POC) wells at the eastern AOR boundary. 

Excelsior Response: 

To respond to this comment, the following text and associated figures (attached) will be incorporated 

into section 5.2 of Attachment A-2, the Groundwater Modeling Report, upon approval of EPA. 

To estimate the velocities within the AOR and beyond the wellf ield perimeter, a simulation was 

run for 100 years following the end of active mining to determine the particle velocities and time 

to reach the AOR boundary. The simulation starts out with the head flow field after the 23 year 

mining period and terminati on of pumping. Water levels slowly recover during the simulation 

because no pumping is included in the simulation. Figure X1 illustrates the result of this 

simulation, with particles moving south and east from their initial locations near the perimeter of 

the wellfield. Table X1 below lists the average and maximum particle velocities over the 

simulation for particles within the AOR. 

Table X1 —Simulated Particle Velocities in AOR by Layer 

Layer 

Average 

Velocity 

(ft/d) 

Maximum 

Velocity 

(ft/d) 

Count 

3 0.098 8.869 38319 

4 0.120 3.893 42346 

5 0.120 1.468 46321 

6 0.157 0.765 12263 

7 0.179 0.488 203 

The count shown in Table X1 represents the number of particles evaluated within the AOR by the 

end of the simulation. Particles that moved beyond the AOR were excluded. 

Figure X-2 illustrates a histogram of the velocity distribution, showing particle velocities prior to 

leaving the AOR. As expected, particle velocities drop as drawdown conditions rebound to static 

conditions after mining ends. Average velocities drop from around 0.18 feet per day (ft/d) in the 
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first decade to less than 0.10 within 20 years. Maximum velocities also decline o ver that period 

from 8 ft/d to less than 1 ft/d. 

Figure X3 illustrates the time for particles to reach the AOR boundary, listing the number of 

particles which cross the AOR by decade. As evident in Figures X1 and X3, the initial surge in 

numbers is from particles crossing the southern boundary, while the later surge after 60 years is 

due to particles reaching the eastern boundary. This indicates that the timeframe to reach the 

eastern POC wells is quite long, and the simulation does not account for the ge 	ochemical 

changes over that timeframe, which have been shown to quickly neutralize the mining solutions. 

Please note that the figure numbers (Xl., X2 etc.) are placeholders and will be changed when they are 

incorporated into the application. 
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